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Description 



E. ^ * 3 ° f trSatin9 3 subterranean formation containing fines to control migration 

! fS D rl!Z^? artiCUl ? dUrin9 the Pr ° dUCti0n °' h y drocarbons «™ * subterranean formation is a con- 
>Z > ?„ tran sported sol,ds can erode or cause significant wear in the hydrocarbon production equipment 

Zl f t P H r0C6SS - ^ S °' idS a,S ° Ca " C '° 9 ° r plu9 the wellbore ,imiti "9 °< completely stoSuid 

' [0003] ^eparticulateswhichareavailablefortransportmaybepresentduetothenatureofasubterraneanformation 
<C aS ,„ a r t ° We " t St i mu,a,i0n tr6atmentS Wher6in Pr ° PPant iS in,roduced into a subterranean formalon 
2SS» II TT subt ^ ranean 'onions, it is common to place particulate materials as a filter medium 
and/or a proppant in the near wellbore area and in fractures extending outwardly from the wellbore. In fracturing oT 

£Z2!7**- 'I Ca h rried : n, ° fraCtUreS ° reated Whe " hydraulic P ressure is a PP |ied t° these subteSan ro ck 
formafions to a po.nt where fractures are developed. Proppant suspended in a viscosified fracturing fluids carried 
outwardly away from the wellbore within the fractures as they are created and extended with continued piping 
release o pump.ng pressure, the proppant materials remain in the fractures holding the separated rock Ss in an 
open position forming a channel for flow of formation fluids back to the wellbore 

[0005] Introduction of the proppant materials into the fracturing fluid often results in the crushing of some portion of 

515 EE ;r V P3S ! eS thr ° U9h th9 PUmpi " 9 and mixin 9 eQ - ui P ment to enter the mttLSTSSi? 
This f'necrushed material may have a particle size ranging from slightly below the size of the original proppanLaS 

™ cS^TT " t U S i SiS r SerieS ' A,S0 ' Wh6n the f ° rma,i0n C,0SeS at the «ncLon P «STl^ 
some crushing of the proppant matenal may occur producing additional fines. Even when proppant crushing does no 
occur the subterranean formation may itself release fines from the face of the created fractured ; a a SSSZ 
scouring of the formation wall which causes formation particulate to be mixed with the proppant and Te Ilk TtEZ 
fine formation materials also may range from formation grain size to .ess than 600 mesh, ^e fines may com P nse^and 
shale or hydrocarbons such as coal fines from coal degasification operations and the like. When the vSlZe sutee" 
quently ,s produced, the fines tend to move into the proppant pack in the fracture tending to reduc the permeabS 
of the pack. The fines also can flow with any production from the wellbore to the surface permeability 

SHIS Th ' S "T,!"! 1 " 6 r6SU,t CaUS6S " ndUe Wear 0n P roduc tion equipment and the need for separation of solids 

back 2 tTlT n V T b ,°? S - RneS f ' 0WbaCk ^ may 136 a " ravated b * what is d ***°*° as •agg esZ^- 
back of the well after a stimulate treatment. Aggressive flowback generally entails flowback of the treatment flu d at 
a rate of from about 0.001 to about 0.1 barrels per minute (BPM) per perforation of the treatment ^f uwTwWch were 
introduced into the subterranean formation. Such flowback rates accelerate or force closure o Th c Son ZnZ 

nTarwe". b"o re 22 int ° *" ,0rma,, '° n ' ^ °" reSUK *» — ° f fines S^SK he 

near wellbore as closure occurs caus.ng permeability loss within the formation. The rapid flowback is hkjhlv des rable 

Sues 38 11 re,UmS 3 We " b0re t0 Pr ° dUCti0n ° f hydr ° CarbonS s ^ fic -t.y sooner than would reSromo^ 
[0007] Currently, the primary means for addressing the formation particulate or fines problem is to employ resin- 
coated pioppants or resin consolidation of the proppant which is not capable of use in aggressive flowbacSa fons 

££5«Ji °' re f; C ° ated Pr ° PPant iS hi9h ' and is there,ore used °"'y as a tail-In in the J^££Z 
percent of the proppant placement. Resin-coated proppant is not always effective at forming a filtration beS since the^e 
.s some difficulty in placing it uniformly within the fractures and, additional the resin coating can have a Sous 

£ZE££Z °° H tiVity ' ReSin h COa,6d Pr ° PPant 3180 may interact chemicall V with 'common rac^rZd 
crossl.nk.ng systems such as guar or hydroxypropylguar with organo-metallics or borate crosslinkers This interacZ 
results .n altered crosslinking and/or break times for the fluids thereby affecting placement 

rn°r!LJ! 1 a Un h 0nSOl | iC If tSd ,0rmations ' 11 is common to P |ace * «'tration bed of gravel in the near-wellbore area in order 
to present a physical bamer to the transport of unconsolidated formation fines with the production of hydrocLroons 
Typically such so-ca.ted "gravel packing operations" involve the pumping and placement of a q^2£2iS 
or sand having a mesh s.ze between about 1 0 and 60 mesh on the U.S. Standard Sieve Series into the unconsoHdated 
formation adjacent to the wellbore. Sometimes multiple particle size ranges are employed within the VSSStS 

fluids can pass while straining out and retaining the bulk of the unconsolidated sand and/or fines transported to the 
near weltoore area by the formation fluids. The grave, particles may constitute a resinned graS S Is St er 
pre-cured or can be cured by an overf.ush of a chemical binding agent once the gravel is in place TZ ako been 
known to add var,ous hardenable binding agents or hardenable adhesives directly to an overE o unconsolidated 
gravel .n order to bind the particles together. Various other techniques also are described in U S SS?E?!5? 
the entire disclosure of which is incorporated herein by reference. ' 
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[0009] U. S. Patents 5,330,005, 5,439,055 and 5,501 ,275 disclose a method for overcoming the difficulties of resin 
coating proppants or gravel packs by the incorporation of a fibrous material in the fluid with which the particulates are 
introduced into the subterranean formation. The fibers generally have a length ranging upwardly from about 2 millim- 
eters and a diameter of from about 6 to about 200 microns. Fibrillated fibers of smaller diameter also may be used. 

5 The fibers are believed to act to bridge across constrictions and orifices in the proppant pack and form a mat or frame- 
work which holds the particulates in place thereby limiting particulate f lowback. The fibers typically result in a 25 percent 
or greater loss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 
[0010] While this technique may function to limit some flowback, it fails to secure the particulates to one another in 
the manner achieved by use of resin coated particulates. 

io [001 1] U.S. Patent 5,551 ,51 4 discloses a method for sand control that combines resin consolidation and placement 
of a fibrous material in intimate mixture with the particulates to enhance production without a gravel pack screen. 
[001 2] US-A-5 501 274 aims also at controlling fines migration and uses solid tackyf ing compounds for this purpose. 
A thermoplastic material may be utilised in substantially any physical solid form. 

[0013] It would be desirable to provide a method which will bind greater numbers of fines particles to the proppant 
15 material in such a manner that it further assists in preventing movement or flowback of particulates from a wellbore or 
formation without significantly reducing the permeability of the particulate pack during aggressive flowback of treatment 
fluids. 

[0014] We have now devised a method of treating a subterranean formation containing fines, to inhibit the flow of 
the fines back through the wellbore with the production of hydrocarbons, without significant effects upon the permeability 
20 of the particulate pack. 

[0015] According to present invention, there is provided a method of treating a coal bearing subterranean formation 
to control fines migration, which method comprises the steps of introducing a treatment fluid into a subterranean for- 
mation through a wellbore at a rate and pressure sufficient to create at least one fracture in said coal bearing formation; 
admixing with at least a portion of said fluid, a particulate which is introduced into and subsequently deposited within 

25 said fracture; admixing with at least a portion of said particulate an effective amount of a liquid or solution of a tackifying 
compound whereby at least a portion of said particulate is at least partially coated by said compound such that the 
continuous critical resuspension velocity of said at least partially coated particulate is increased by in excess of about 
30 percent when tested at a level of 0.5% active material by weight over said particulate alone with water; depositing 
the tackifying compound coated particulate in the subterranean formation; and flowing back fluid from the formation 

30 whereby the tackifying compound coated particulate retards movement of at least a portion of any fine particulate 
flowing back to said wellbore within said formation by adhering said fines to said coated particulate. 
[0016] In the method of the invention, the particulate material coated with tackifying compound adheres to fine par- 
ticulate material thereby creating agglomerates which bridge against other particles in the formation to prevent partic- 
ulate flowback and fines migration. The tackifying compound also may be introduced into the subterranean formation 

35 prior to or after introduction of the proppant particulate. 

[0017] The coated material is effective in inhibiting the flowback of fine particulate in a porous pack having a size 
ranging from about that of the proppant material to less than about 600 mesh in intimate admixture with the tackifying 
compound coated particulates. 

[0018] The coated material is effective in consolidating fine particulate in the form of agglomerates in a formation as 
40 a result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback 
of the treatment fluid. 

[001 9] In accordance with present invention, a liquid or solution of a tackifying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and introduced into a 
subterranean formation. 

45 [0020] As used in this specification, the term "intimate mixture" will be understood to mean a substantially uniform 
dispersion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture 
of components that are blended together in the initial steps of the subterranean formation treatment process or the 
preparation for the performance of the treatment process. 

[0021] The coated particulate or proppant material may comprise substantially any substrate material that does not 
so undesirable chemically interact with other components used in treating the subterranean formation. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
55 shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate in an amount of from about 0.1 to about 5 percent by weight of the particulate. 

[0022] The tackifying compound comprises a liquid or a solution of a compound capable of forming at least a partial 
coating upon the substrate material with which it is admixed prior to or subsequent to placement in the subterranean 
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formation In some instances, the tackifying compound may be a solid at ambient surface conditions and upon initial 
admlg wi* S.e particulate and after heating upon entry into the wellbore for introduction into the subterranean for- 
rn^on become a melted liquid which at least partially coats a portion of the particulate. Compounds su able for use 
as a tackrtying compound comprise substantially any compound which when in liquid form or in a solvent so.ut.on w, 
Sm a non y -ha 9 rdenin P g coating, by themselves, upon the particulate and preferably will ^J^S^ 
resuspension velocity of the particulate when contacted by a stream of water as hereinafter described in Example I by 
n excess d about 30 percent over the particulate alone when present in a 0.5 percent by weight active material con- 
centTatS, Preferably, the continuous critical resuspension velocity is increased by at least 40 percent over particulate 
alone and most preferably at least about 50 percent over particulate alone. A particularly preferred group of tackifying 
polyamides which are liquids or in solvent solution at the temperature of the subterranean for- 
mal to be Seated .that the polyamides are, by themselves, non-hardening when present on the particulates 
"traduced into the subterranean formation. A particularly preferred product is a condensation reaction product com- 
pte of commercially available polyacids and a polyamine. Such commercial products include compounds such as 

££2qL%>£ acids «*■*■ trimer ™ d higher 0,igomers and f° sma J' am0 H I fZSZS! 

which are reacted with polyamines. Other polyacids include trimer acids, synthetic acids produced from fatty acid* 
mateto anhydride and acryHc acid and the like. Such acid compounds are available from companies such as W.tco 
52 Kn Camp! Chemtall, and Emery Industries. The reaction products are available from, for example, 
Chamoion Technologies, Inc. and Witco Corporation. . 
SS in general, the polyamides of the present invention are commercially produced in batchw.se processing of 
Sids predominately having two or more acid functionalities per molecule with a polyamine. As is weH known ,n 
K manufS industry, the polyacids and polyfunctional amines are introduced into a reactor where, w.th ag.tat.on, 
the mildly exothermic formation of the amide salt occurs. . . „ 

After mixing heat is applied to promote endothermic dehydration and formation of the polymer melt by potycondensa- 

dthe polymer are controlled by choice and ratio of feedstock, heating rate, and jud,c,ous use of monofunct.onal acids 
and amTnes to terminate chain propagation. Generally an excess of polyamine is present to prevent runaway chon 
propagation. Unreacted amines can be removed by distillation, if desired. Often a solvent, |^ - » 
mixed with the final condensation reaction product to produce a liquid solution that can read.ly be handled. The con- 
Mto ^reaction generally is accomplished at a temperature of from about 225°F to about 450 F under a n.trogen 
swe^ to remwe the condensed water from the reaction. The polyamines can comprise, for example, eth y ienedlam.ne, 
diethylenetriamine, triethylene tetraamine, amino ethyl piperazine and the like. Hlm/rfh „, 
[0024 The polyamides can be converted to quaternary compounds by reaction with methylene chtonde diethyl 
sulfate, benzylchloride, diethyl sulfate and the like. Typically the quaternization reaction would be effected at a tem- 
Derature of from about 100 to about 200°F over a period of from about 4 to 6 hours. 

SSS The quaternization reaction may be employed to improve the chemical compatibility of the tack.fy.ng com- 
pound with the other chemicals utilized in the treatment fluids. Quaternization of the tackifying compound can reduce 
Sects upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when present .n vanous 

0026] Additional compounds which may be utilized as tackifying compounds include liquids and solutions of, for 
example polyesters, polycarbonates and polycarbamates, natural resins such as shellac and the like. 
SoS! L Surprising discovery has been made that a tackifying compound can also be produced by the reaction 
of a polyaS such as previously described with a multivalent ion such as ca.cium, aluminum, iron or the like Similarly 
venous polyorganophosphates, polyphosphonates. polysulfates. polycarboxylates or J*^*™^"^ 
with a multivalent ion to yield a tackifying compound. If retardation of the rate of reaction ,s desired, esters of the above 
SSSL which will then react with the multivalent ion as the esters hydrolyze at the subterranean 
formation temperatures in the treatment fluids. Alternatively, chelates may be » with ^ ow ^ 
as citric acid, hydroxypropionates and the like to retard the rate of reaction. Further, it has been found possible to 
aenerato *e tackifying compound in-situ within the subterranean formation by introduction of the polyacd to contact 
mlSenVtor^preSt in tne treatment fluid within the subterranean formation. The multivalent ions may be either 
naturallv occurring in the formation or introduced with the treatment fluid. 

SSS r e tack?fying compound is admixed with the particulate in an amount of from about 0.05 to about 3.0 percent 
active material by weight of the coated particulate. It is to be understood that larger quantities may be used, however, 
£ larger quantises generally do not signfficantly increase performance and could undesirably reduce the permeab ity 
of the partSte pack. Preferably, the tackifying compound is admixed with the particulate introduced ,nto the subter- 
ranean formation in an amount of from about 0.1 to about 2.0 percent by weight of the coated Peculate. 
ro0291 When the tackifying compound is utilized with another material that .s to be admixed with the particulate and 
which is to be at least partially coated with the tackifying compound, such as glass fibers or the like, the compound is 
present in an amount of from aboutlOto about 250 percent active material byweight of the glass fibers or other added 
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material and generally from about 0.05 to about 3 percent active material by weight of the quantity of particulate with 
which the coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from 
about 10 to about 150 percent of the material which is to be at least partially coated with the tackifying compound and 
then added to the particulate. At least a portion of the tackifying compound introduced with the additional material will 
contact and coat at least a portion of the particulate with which it is admixed. 

[0030] The liquid or solution of tackifying compound interacts mechanically with the particles of particulate introduced 
into the subterranean formation and the adhered fines to limit or prevent the flowback of fines to the wellbore. 
[0031] The liquid or solution of tackifying compound generally is incorporated with the particulate in any of the con- 
ventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydrocarbon fluid or 
an emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like. 
[0032] Generally the tackifying compound may be incorporated into fluids having a pH in the range of from about 3 
to about 1 2 for introduction into a subterranean formation. The compounds are useful in reducing particulate movement 
within the formation at temperatures from about ambient to in excess of 275°F. It is to be understood that not every 
tackifying compound will be useful over the entire pH or temperature range but every compound is useful over at least 
some portion of the range and individuals can readily determine the useful operating range for various products utilizing 
well known tests and without undue experimentation. 

[0033] It has been discovered that the incorporation of or addition of certain surfactants to the fluid suspension can 
improve or facilitate the coating of the tackifying compound upon the particulate. The addition of selected surfactants 
has been found to be beneficial at both elevated fluid salinity and elevated fluid pH as well as at elevated temperatures. 
The surfactants appear to improve the wetting of the particulates by the tackifying compound. Suitable surfactants 
include: nonionics, such as, long chain carboxylic esters such as propylene glycol, sorbitol and polyoxyethylenated 
sorbitol esters, polyoxyethylenated alkylphenols, alkyphenol, ethoxylates, alkyglucosides, alkanolamine condensates 
and alkanolamides; anionics, such as, carboxylic acid salts, sulphonic acid salts, sulfuric ester salts and phosphonic 
and polyphosphoric acid esters; cationics, such as, long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated long chain amines and quaternized polyoxyethylenated long chain amines; and zwitterion, such 
as n-alkylbetaines. 

[0034] The liquid or solution of tackifying compound generally is incorporated with the particulate as a simultaneous 
mixture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are intro- 
duced into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation 
into which particulate then is introduced to prop the created fracture open to facilitate hydrocarbon production. Gravel 
packing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a 
formation to create a controlled particle size pack surrounding a screen positioned in the wellbore without causing 
fracturing of the formation. Alternatively the gravel pack may be performed without a screen, if consolidatable particulate 
is utilized, and the pack may fill the wellbore. Thereafter, the pack may be drilled out, flushed or reamed to open a 
passage in the bore, if necessary. The particulate pack surrounding the wellbore then functions to prevent fines or 
formation particulate migration into the wellbore with the production of hydrocarbons from the subterranean formation. 
The tackifying compound may be introduced into the fluid before, after or simultaneously with introduction of the par- 
ticulate into the fluid. When the tackifying compound is generated in-situ in the formation, the reactants may be intro- 
duced individually as described above for the tackifying compound and the multivalent ion source may be naturally 
occurring or introduced into the formation. The liquid or solution may be incorporated with the entire quantity of partic- 
ulate introduced into the subterranean formation or it may be introduced with only a portion of the particulate, such as 
in the final stages of the treatment to place the intimate mixture' in the formation in the vicinity of the wellbore. For 
example, the tackifying compound may be added to only the final 20 to 30 percent of the particulate laden fluid intro- 
duced into the formation. In this instance, the intimate mixture will form a tail-in to the treatment which upon interaction 
within the formation with the particulate will cause the particles to bridge on the agglomerates formed therein and 
prevent movement of the particles into the wellbore with any produced fluids. The tackifying compound may be intro- 
duced into the blender or into any flowline in which it will contact the material to be at least partially coated by the 
compound. The compound may be introduced with metering pumps or the like prior to entry of the treatment fluid into 
the subterranean formation. 

[0035] In an alternate embodiment, the particulate may be premixed with the tackifying compound prior to admixing 
with a treatment fluid for use in a subterranean formation. 

[0036] The surprising discovery has been made that when a polyamide is utilized as the tackifying compound, ferrous 
metal in contact with the treatment fluid has been found to exhibit extended corrosion inhibition. It has been determined 
that minute amounts of the polyamide are dissolved from the coated particulate by hydrocarbons flowing through the 
formation and into the wellbore and that such quantities provide extended corrosion protection to the ferrous metals 
contacted thereby and that also are in contact with aqueous fluids introduced into or produced from the subterranean 
formation. The polyamide material appears to coat or form a very thin film on the ferrous metal surfaces protecting 
them from contact with aqueous fluids. 
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r00371 in yet another embodiment of the invention wherein a previously performed fracturing treatment or grave 
p ac k i s d oduc no back proppant or formation fines with the production of hydrocarbons, a remedial part-culate control 
t'Smen may Se pelmed In this instance, the tackifying compound is admixed with a diluent such as or example^ 
cmde oTdTstLtes butyl alcohol, isopropyl alcohol, a heavy aromatic solvent such as xylene, toluene, heavy aromatic 

oMhXe The tackifying compound generally will be present in an amount of from about 0.5 to about 30 percent by 
volume of th^ soS tobe used to treat the subterranean formation. The tackifying compound also may be adm.xed 
2 S Z iSSL and other additives that do not adversely react with the compound to prevent nes controL 
Te S£ compound containing solution is introduced into the subterranean format-on 
rT«^« hetow the fracture gradient for the subterranean formation. The tackifying compound tends to contact and at 

eas« 

^foZLrofpartteulateW in the formation upon the resumption of hydrocarbon '^f 
fines in the produced fluids contact the tackifying compound coated particulates in the ^"^^^ 
nes end to become bound to the larger particulates and are prevented from rn.grat.ng through the proppant or grave 
pa k Seduced hydrocarbons. Introduction of the tackifying compound solution into the «f»™«^^ - 
matr* flow rates (rates below that necessary to exceed the fracture gradient and cause fracture formation) tends to 
^^S^SX^M Please within the formation. If ft is desired to redistribute proppan .n a 

c^be induced into the subterranean formation at a rate and pressure sufficient to fracture the sub tonanean fo r- 
mTtion S fines that may be produced as a result of the fracturing operation tend to become bound to and adhere 
to Z ^p^culaJSis teast partially coated by the tackifying compound as it is deposited with.n the subterranean 

[oS'^Reference is made hereafter to the accompanying drawings wherein: 

Figurelprovidesaschematic illustration ofatest apparatus utilized to determine the critical resuspension velocity 
for a coated substrate material. 

Fioure 2 provides a graphical illustration of sample permeability. 

Rgure 3 provides photomicrographs of untreated and treated samples illustrat.ng f.nes retent.cn. 
[0040] To further illustrate the present invention and not by way of limitation, the following Examples are provided. 
EXAMPLE I 

ro041l The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 
Tw no tost A critical I resuspension velocity is first determined for the material upon which the tackifying compound 
T? na »!r. R Jfprrina now to Fioure 1 a test apparatus is illustrated for performing the test. The apparatus compnses 
5KElS2Ei an inlet source 1 2 of water and an outlet 1 4 disposal line is blocked to fluid 
Sow KT^CISSS^II^ into the tee 1 0 through inlet 1 2 and collected within portion 1 6 by filtration 
aalsl a Z eS Vvhen portion 16 of tee 10 is full, the vacuum source is removed and a plug 20 « used to seal he 
^H ^fnn^rre The flow channel from inlet 12 to outlet 14 then is swabbed clean and a volumetncally controlled 
pump sucTas -MOYNO- pump, s -nnected to inlet 12 and a controlled flow of water is initiated. The velocity of 
Kid te s.ow^ increased through inlet 12 until the first particle of particulate materia, is picked up by the if towing 
wate tel Zs determines the baseline for the starting of the resuspension velocity. The flow rate then .s further 
r n c*a£Ztil Mhe remove, of particles becomes continuous. This determines the baseline for the continuous resus- 
Sn vetoed 

0 5 ne^cent active material by weight of the particulate applied thereto. Similar trends generally are seen ,n 
lt S ults whence c^enStons tested are from about 0.1 to about 3 percent, however, the 0.5 percent level M 
?s ^:Te^e^Z rL 9 e is preferred for standardization of the procedure. The tost is repeated to de- 
erm nrthe storting point of particulate removal and the velocity at which removal becomes continuous. 
£S ^^e^enKocity increased 

[ ™1 J ' ° ,L of several tests employing the preferred polyamide of the present invention, and conventional epoxy 

consoLtton treatments in subterranean formations with 1 2/20 and 20/40 mesh 

sand are set forth below in Table I. 
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TABLE I 



Test No. 


Particulate Size 


Coating Agent, % V/Wt Particulate 


Percent Of Velocity Change At 


Starting 


Continuous 


1 


20/40/mesh sand 


none 


0 


0 


2 


20/40 mesh sand 


1/2 percent polyamide 


192 


222 


3 


20/40 mesh sand 


1 percent polyamide 


271 


391 


4 


20/40 mesh sand 


1/2 percent phenolic 






5 


20/40 mesh sand 


1 percent phenolic 


_q 


-fi ft 
-u.o 


6 


20/40 mesh sand 


1/2 percent epoxy 


_q 


-1 p 


7 


20/40 mesh sand 


1 percent epoxy 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 percent polyamide 


228 


173 


9 


12/20 mesh sand 


1 percent polyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 
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[0043] The data clearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated 
with the tackifying compound in comparison to other known formation consolidation agents which require hardening 
to be effective. 

EXAMPLE II 

[0044] To illustrate the ability of the tackifying compound to control fines, the following tests were performed. 
[0045] Two sand slurries were prepared and placed in 1 inch diameter, 36 inch tall glass columns having a screen 
and a one hole plug stopper at their lower ends which was sealed off. The slurries comprised 250 ml. of a 25 lb/1 000 
gallon hydrated guar, 300 grams 20/40 mesh Brady sand containing 7.4% by weight of 50 mesh and smaller fines 
material, 0.5 ml enzyme breaker and 0.5 ml. borate crosslinker. One percent by weight of the tackifying compound of 
the present invention was added to the second slurry. 

[0046] The slurries were allowed to sit static for 48 hours. The first column settled to a height of 21 . 1 25 inches and 
the tackifying compound containing sample settled to a height of 21 .875, inches. 

[0047] The broken fluids were removed from the columns above the settled sand in the columns and replaced with 
water. The columns were attached to a constant head water supply. While maintaining the water supply constant, the 
hole in the bottom stopper was opened, water flow rates and permeabilities were determined. The sand packs had 
settled during the water flow to 20.5 inches and 21 .625 inches respectively. 

[0048] The flow was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights 
settled to 20.125 inches and 21.437 inches, respectively. 

[0049] The difference in the permeability of the packs in the columns is illustrated in the chart comprising Figure 2. 
The difference in the final pack height is an indication of the agglomeration of the fines with the larger particles preventing 
close packing by fines movement as occurs in the untreated column. The lower permeability of the untreated pack also 
indicates fines migration has occurred. 

[0050] The stabilization properties of the method of the present invention also are determined by flow through an 
American Petroleum Institute approved simulated fracture flow cell. 

[0051] The cell contains Ohio sandstone cores having a proppant bed size of about 1.5 inches in height, about 7 
inches in length and about 0.25 inches in width between the cores. The bed is initially prepacked with 20/40 mesh 
sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 pounds of guar per 1000 
gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is visible 
through a sight glass so that proppant production, if any, through the hole can be visually determined. 
[0052] The conductivity of the pack is determined at a stress loading of 2000 and 3000 psi for the untreated sand. 
[0053] The cell then was cleaned and packed with another proppant pack containing 0.5 percent by weight tackifying 
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compound for testing. The results of the tested materials are set forth in Table II, below. 

TABLE II 




untreated sample 4251 3487 

i~ S130 3829 

treated sample iA * u 

rnnwi Fiaure 3 oresents photomicrographs of a portion of the sand packs from the untreated and treated samples 
SKml^^^S^d!^"- in the free fines content of the two samples is readily apparent in the 
pSotos Te «ted samp.e contains significant quantities of free fines whereas the fines are found to be pnmanly 
attached to the larger sand particles in the treated sample. 

EXAMPLE III 

rooSSl To illustrate the effectiveness of the tackifying compound in controlling fines, the following turbidity tests were 
Lerforme^A seSi of samples were prepared containing a quantity of 1 00 grams of 20/40 Brady frac sand admixed 
P 1 Inn mi 01 t^ater A selected quantity of tackifying compound was admixed with a sample and the turbid.ty of 
rsXion t^^ Tx^lss measured in Formazin Turbidity Units utilizing a Coleman Junior II 
Spectrophotometer, Model 6-20. The results are set forth in Table III, below. 



TABLE III 




2 0.25 38 

3 0.5 18 

4 1.0 12 

[0056] The tests were repeated using 20/40 Brady frac sand to which is added 0.2 grams of sili 

aTgh fines content. The turbidity was measured as previously described. The results are set forth .n TABLE IV, below. 

TABLE IV 




2 0.25 137 

3 0.5 56 

4 l-° 29 

[0057] The data clearly illustrates the ability of the tackifying compound to control fines movement in the fluid and to 
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bind the fines to proppant materials which are coated by the tackifying compound. 
EXAMPLE IV 

5 [0058] To illustrate the effect of the tackifying compound on controlling fines migration in coal seams two treatments 
are performed on adjacent wells in Colorado on a gas containing coal seam producing at a depth of from about 1850 
to about 2100 ft. at a bottomhole temperature of about 110°R The treatments are performed down 5 1/2 inch casing. 
The treatments comprised approximately 2000 gallons of 15% acetic acid, 24,000 gallons of a guar containing pad, 
60,000 gallons of a fracturing treatment including approximately 300,000 pounds of 12/20 sand and 2000 gallons of 

10 flush fluid. The fracturing fluid comprised a borate crosslinked fluid containing 20 ibs guar per 1000 gallons of fluid. 
The fluid also contained clay control additives, surfactants, gel breakers and biocide. One treatment included approx- 
imate 1 .0 percent tackifying compound added to the sand during performance of the treatment. 
[0059] The initial production of the wells was about 180 MCF per day and about 180 BWPD. Post frac production 
after cleanup of fracturing treatment fluid on the well without fines control is about 500 MCF and about 400 BWPD. 

is The well having the treatment utilizing fines control techniques of the present invention after clean up of fracturing 
treatment fluid is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment 
sand and coal fines into the wellbore along with the production of gas. The well treated with the tackifying compound 
is not producing measurable amounts of fines or fracturing treatment sand. 

20 EXAMPLE V 

[0060] To illustrate the corrosion inhibition of a film of the tackifying compound comprising polyamides, the following 
tests were performed on carbon steel coupons weighing approximately 1 gram at 160°F. in simulated sweet and sour 
well conditions. 

25 [0061] Test fluids are placed in sealed bulk containers and purged for a minimum of six hours with carbon dioxide. 
For sour gas tests, H 2 S then is bubbled into the container for 15 to 20 minutes. The proper amount of polyamide is 
dispensed by syringe into each test bottle. The test bottles are 7 ounce capacity. The blank samples contain no polya- 
mide. Each bottle is purged with carbon dioxide to displace air and a previously weighed and cleaned sample coupon 
is placed in the bottle. A quantity of 108 ml of NACE brine and 12 ml of kerosene then are added to the bottles from 

30 the purged bulk containers. The bottles are capped and placed on a rotating wheel and rotated for 1 hour at 160°F. ± 
10°F. The bottles then are removed from the wheel and the coupons are transferred to bottles containing brine and 
kerosene without inhibitor under a carbon dioxide purge to rinse the coupons. The blanks are not transferred since the 
blank sample bottles contain no inhibitor. The bottles are returned to the rotating wheel for an additional hour. The 
bottles then are removed from the wheel and the coupons are transferred to bottles having the same brine and kerosene 

35 mix without the polyamide. The transfer is effected under a carbon dioxide purge and the bottles are returned to the 
wheeil for an additional 72 hours at about 160°F. to determine corrosion effects on the samples. Samples containing 
H 2 S were returned to the wheel only for 24 hours. After completion of the exposure time, the coupons are retrieved 
from the bottles, cleaned, dried and weighed. The corrosion loss then is determined. Each sample is run in triplicate 
and the values are averaged to determine the loss for a sample condition. The results of the tests are set forth in Table 

40 v below. 
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TABLE V 




5 


Sample 


Polyamide 
Concentr ac ion , 


! H 2 S Present . 


Corrosion Rate 
Ibs/f £2 J 




1 


. PP<* 
0 


No 


' 8 . 564 


10 


2 


2500 


NO 


1.233 




3 


50 


NO 


1 . 103 




4 


0 


Yes 


3 .193 


15 


5 


2500 


Yes 


0.183 




6 


50 , 


Yes 


0.455 



20 



T00621 The polyamide film formed on the ferrous metal surface in contact with the aqueous fluid provided significant 
Son in comparison to samples having no film as a result of contact with the tack.fy.ng compound. 
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25 Claims 

1 A method of treating a coal bearing subterranean formation to control fines migration, which method comprises 
' L Cs oVinSng a treatment fluid into a a coal bearing subterranean formation through a we bore at a rate 
SndXrSflcienttD create at MaM *mto*mUco*t^knMmWM^*^ 
d said fluid, a particulate which is introduced into and subsequently deposited within s*d fracture; «M0«h 
a St a portion of said particulate an effective amount of a liquid or solution of a tack.fymg compound whereby 
a eas a Son of said particulate is at least partially coated by said compound such that the continuous cnfca 
r uspension velocity of said at least partially coated particulate is increased by in excess 
when tested at a level of 0.5% active material by weight over said particulate alone with water; depositing the 
SJ!Z^ coated particulate in the subterranean formation; and flowing back fluid from the forma on 
w2X theTackifying compound coated particulate retards movement of at least a portion of any f.ne part.culate 
flowing back to said weilbore within said formation by adhering said fines to sa.d coated particulate. 

2. A method according to claim 1 , wherein said tackifying compound is admixed with said particulate in an amount 
40 of from 0.05 to 3.0 percent by weight of said particulate. 

3. A method according to claim 2, wherein said tackifying compound is admixed with said particulate in an amount 
of from 0.1 to 2 percent by weight of said particulate. 

A method according to claim 1, 2 or 3, wherein said coated particulate has a continuous critical resuspension 
velocity in excess of 50 percent over said particulate alone. 

A method according to claim 1 , 2, 3 or 4, wherein said tackifying compound comprises a liquid or solution of a 
polyamide. 

6 A method according to claim 1 , 2, 3 or 4, wherein said tackifying compound comprises predominantly a conden- 
sation reaction product of a dimer acid containing some trimer and higher oligomers and some monomer ac.ds 
with a polyamine. 

7 A method according to claim 6, wherein said polyamine comprises at least one member ^^!^^^ 
of ethylenediamine diethyienetriamine, triethylenetetraamine, tetraethylene pentaamme and am.noethylp.pera- 

zine. 
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8. A method according to claim 6 or 7, wherein said tackifying compound has been quaternized. 

9. A method according to any of claims 1 to 8, wherein said particulate comprises sand, ceramic particles, resin 
coated sand, hardened resin beads, sintered bauxite, metal particles or glass particles, or any mixture of two or 
more thereof. 

10. A method according to any of claims 1 to 9, wherein the treatment fluid includes a further particulate material 
selected from metal, natural or synthetic polymers, ceramics and glass. 

11. A method according to claim 10, wherein said further particulate material is in the form of fibers, beads, ribbons, 
flakes, platelets or shavings. 



Patentanspruche 

1. Eine Methode fur das Behandeln einer kohlehaltigen Untergrundformation, fur das Kontrollieren der Kornfrakti- 
onsmigration, wobei dieselbe Methode die Stufen des Einfuhrens einer Behandlungsflussigkeit in eine kohlehaltige 
Untergrundformation durch ein Bohrloch mit Hilfe einer Rate und eines Drucks umfasst, welche dazu ausreichen, 
wenigstens eine Spalte in der vorgenannten kohlehaltigen Untergrundformation zu erzeugen; das Beimischen 
eines aus Feststoffen bestehenden Materials, welches in die vorgenannte Spalte eingefuhrt und daraufhin inner- 
halb derselben position iert wird, zu wenigstens einem Teil der vorgenannten Flussigkeit; das Beimischen einer 
effektiven Menge einer Flussigkeit Oder Losung einer klebrigmachenden Zusammensetzung zu wenigstens einem 
Teil des vorgenannten, aus Feststoffen bestehenden Materials, wobei wenigstens ein Teil des vorgenannten, aus 
Feststoffen bestehenden Materials wenigstens zum Teil mit der vorgenannten Zusammensetzung beschichtet ist, 
sodass die ununterbrochene kritische Neususpensionsgeschwindigkeit des vorgenannten, wenigstens zum Teil 
beschichteten, aus Feststoffen bestehenden Materials urn mehr als ungefahr 30 Prozent gesteigert wird, wenn 
diese auf einer Ebene von 0.5% Massenanteil des aktiven Materials im Vergleich mit dem vorgenannten, aus 
Feststoffen bestehenden Materials mit Wasser allein getestet wird; das Position ieren des mit der klebrigmachen- 
den Zusammensetzung beschichteten, aus Feststoffen bestehenden Materials in der Untergrundformation; und 
das Ruckfliessen von Flussigkeit aus der Formation, wobei das mit der klebrigmachenden Zusammensetzung 
beschichtete, aus Feststoffen bestehende Material die Bewegung von wenigstens einem Teil eines aus feinen 
Feststoffen bestehenden Materials hemmt, welches innerhalb der vorgenannten Formation in das vorgenannte 
Bohrloch zuriickflieBt, indem dasselbe, aus feinen Feststoffen bestehende Material an dem beschichteten, aus 
Feststoffen bestehenden Material klebt. 

2. Eine Methode nach Anspruch 1 , bei welcher die vorgenannte klebrigmachende Zusammensetzung dem aus Fest- 
stoffen bestehenden Material in einer Menge von 0.05 bis 3.0 Prozent Massenanteil des vorgenannten, aus Fest- 
stoffen bestehenden Materials beigemischt wird. 

3. Eine Methode nach Anspruch 2, bei welcher die vorgenannte klebrigmachende Zusammensetzung dem vorge- 
nannten, aus Feststoffen bestehenden Material in einer Menge von 0.1 bis 2 Prozent Massenanteil des vorge- 
nannten, aus Feststoffen bestehenden Materials beigemischt wird. 

4. Eine Methode nach Anspruch 1 , 2, Oder 3, bei welcher das vorgenannte beschichtete, aus Feststoffen bestehende 
Material uber eine ununterbrochene kritische Neususpensionsgeschwindigkeit von mehr als 50 Prozent im Ver- 
gleich mit dem vorgenannten, aus Feststoffen bestehenden Material allein verfugt. 

5. Eine Methode nach Anspruch 1 , 2, 3, oder 4, bei welcher die vorgenannte klebrigmachende Zusammensetzung 
eine Flussigkeit oder Losung eines Polyamids umfasst. 

6. Eine Methode nach Anspruch 1 , 2, 3, oder 4, bei welcher die vorgenannte klebrigmachende Zusammensetzung 
hauptsachlich ein Kondensationsreaktionsprodukt einer Dimersaure umfasst, welche einige Trimere und hohere 
Oligomere sowohl wie einige Monomersauren mit einem Polyamin umfasst. 

7. Eine Methode nach Anspruch 6, bei welcher das vorgenannte Polyamin wenigstens ein Mitglied umfasst, welches 
aus der Gruppe von Ethylendiamin, Diethylentriamin, Triethylenetetraamin, Tetraethylenpentamin, und Aminoe- 
thylpiperazin ausgewahlt wird. 
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8. Eine Methode nach Anspruch 6 oder 7, bei welcher die klebrigmachende Zusammensetzung viertelgeteilt wurde. 

0 Pino Methode nach einem der Anspriiche 1 bis 8, bei welcher das vorgenannte, aus Feststoffen bestehende Ma- 
9 ' fZ£ V^ZZT^^eXen Sand, ausgehartete Harzperien. gesintertes Bauxit, Meta.lpart.ke. 

oder Glaspartikel, oder eine Mischung von zwei oder mehr derselben umfasst. 

10 Eine Methode nach einem der Anspriiche 1 bis 9. bei welcher die Behandlungsflussigkeit ein weiteres, aus Fest- 
Sen bTehen^es Materia, umfas'st, welches aus Metal., naturlichen Oder synthetischen Polymem, Keramik und 
Glas ausgewahlt wird. 

1 1 Eine Methode nach Anspruch 1 0, bei welcher das vorgenannte weitere, aus Feststoffen bestehende Material die 
' Form von Fasern, Perlen, Bandern, Flocken, Plattchen Oder Spanen annimmt. 

Revendications 

1 Precede de traitement d'une formation souterraine carbonifere pour controler la migration des fins lequel proced6 
^rendtes «*ases direction d'un fluide de traitement dans une formation souterraine carbonifere a travers un 
S^S^KT?™ Passion suffisants pour creer au moins une fracture dans .adrte ormtton 
ca S>n«e 7e de melange avec au moins une partie dudit fluide, d'une matiere particulate que tan .njecte et depose 
™^Zst£lLre ; de melange avec au moins une partie de ladite matiere particulate d ^ quant 6 
Sfcace din liquids ou d'une solution d'un compose d'adherence tandis qu'au mo.ns une parte de lad te matiere 
pSaJe est au moins partiellement revetue par ledit compose de telle sorte que la Vitesse de rem.se ensus- 
oeSon critique continue de ladite matiere particulate au moins partiellement revetue est augmentee de plus de 
S^S^SS^ d'essais a un niveau de 0,5 % de materiau actif en poids par rapport a ladite matiere 
^^^1(16 1'eau ; a deposer la matiere particulaire revetue du compose d'adherence dans la for- 
Son Suterraine et a efouler le fluide de la formation tandis que la matiere particulaire revetue du compose 
Jad^fncl Se le mouvement d'au moins une partie de toute matiere par.icu.aire fine refluent vers .edit pud. 
de forage dans ladite formation en collant lesdits fins a ladite matiere particulaire revetue. 

Precede selon la revendication 1 , dans lequel ledit compose d'adherence est melange avec ladite matiere parti- 
al . dans une quantite comprise entre 0,05 et 3 pour-cent en poids de ladite matiere particulate. 

Procede selon la revendication 2. dans lequel ledit compose d'adherence est melange avec ladite matiere parti- 
cuSre dans une quantite comprise entre 0,1 et 2 pour-cent en poids de ladite matiere particulate. 

4 Procede selon la revendication 1 , 2 ou 3, dans lequel ladite matiere particulaire possede une Vitesse de remise 
en suspension critique continue depassant 50 pour-cent par rapport a ladite mat.ere particulate seule. 

5. Procede selon la revendication 1 , 2, 3 ou 4, dans lequel ledit compose d'adherence comprend une liquide ou une 
solution d'un polyamide. 

6 Precede selon la revendication 1 , 2, 3 ou 4, dans lequel ledit compose d'adherence comprend I principalement un 
pZJ de reacten de condensation d'un acide dimere contenant quelques oligomer tnmeres et au-dela, et 
quelques acides mononteres avec une polyamine. 

7 Procede selon la revendication 6, dans lequel ladite polyamine comprend au moins un element selectionn6 dans 
re^Ctoblnt .'ethylene diamine, la Methylene triamine, .a Methylene tetraamine, la pentaam.ne de tetrae- 
thytene et I'amino 6thyle piperazine. 

8. Procede selon la revendication 6 ou 7, dans lequel ledit compose d'adherence est quaternise. 

9 Procede selon I'une quelconque des revendications 1 a 8, dans lequel ladite matiere particulaire comprend du 
sabte des 7articu.es de ceramique, le sable revetu de resine, les cordons de resine durcs, la baux.te fnttee, les 
^S£SSL ou les particu.es de verre, ou tout melange de deux e.ements ou plus parm, ces dern.ers. 

10 Procede selon I'une quelconque des revendications 1 a 9, dans lequel le fluide de traitement comporte une autre 
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11. Procede selon la revendication 10, dans lequel ladite autre matiere particulate se presente sous forme de fibres, 
de cordons, de rubans, de flocons, de plaquettes ou de copeaux. 
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